Actinotalea solisilvae sp. nov., isolated from forest soil and emended description of the genus Actinotalea 
The genus Actinotalea, belonging to the family Cellulomonadaceae, was established by Yi et al. [1] , and then its description amended recently by Li et al. [2] . Recently, the genus Pseudactinotalea was proposed and Actinotalea suaedae was transferred to this genus as Pseudoactinotalea suaedae comb. nov. [3, 4] . Currently, the genus contains only three species with validly published names, Actinotalea fermentans [1] , Actinotalea ferrariae [2] and Actinotalea caeni [5] . The genus Actinotalea accommodates aerobic or facultatively anaerobic, Gram-stain-positive, non-motile, coryneform rods exhibiting polymorphism, containing L-Orn-LAsp or L-Orn-D-Ser-L-Asp as the interpeptide bridge of the peptidoglycan, anteiso-C 15 : 0 , C 16 : 0 and iso-C 16 : 0 as the major fatty acids, MK-10(H 4 ) as the major isoprenoid quinone, diphosphatidylglycerol and phosphatidylglycerol as the major polar lipids, and possessing relatively high DNA G+C content (often more then 70 mol%). The main chemotaxonomic difference between the genera Cellulomonas and Actinotalea was the major respiratory quinone (MK-9(H 4 ) for the genus Cellulomonas and MK-10(H 4 ) for the genus Actinotalea) [1-3, 6, 7] . Our study reports the taxonomic characterization of a novel species, Actinotalea solisilvae sp. nov. on the basis of data from phenotypic, genetic and chemotaxonomic analyses.
Strain THG-T121
T was isolated from forest soil in Kyung Hee University, Yongin, Republic of Korea (21 September 2016; 38 15¢ 24 † N, 126 26¢ 11 † E). The soil sample (1 g) was suspended in 9 ml 0.85 % (w/v) NaCl solution and mixed in a shaker for 30 min. Aliquots of the serially diluted sample were spread on nutrient agar (NA, Oxoid) plates and incubated at 28 C. After 1 week, a single colony was picked and restreaked repeatedly onto the new NA until the purity was confirmed. The purified strain THG-T121
T was maintained in 25 % glycerol solution(v/v) at À80 C.
Biomass of strain THG-T121 T was collected from NA at 28 C for 3 days, and then genomic DNA was extracted and purified by using the genomic DNA extraction kit (Biofact). The 16S rRNA genes were amplified with the universal bacterial primer pair 518F, 805R [8] . The purified PCR products were sequenced according to Sanger's single-stranded DNA chain termination method. The 16S rRNA gene sequences of related strains were obtained from the GenBank database and EzBioCloud [9] . The multiple alignments were performed using the CLUSTAL_X program [10] followed by gap edits using the BioEdit program [11] . The evolutionary distances were calculated using Kimura's two-parameter model [12] . The phylogenetic trees were reconstructed by using the neighbour-joining [13] , maximum-likelihood [14] and maximum-parsimony [15] methods in the MEGA 6.0 program [16] . The bootstrap values were calculated based on 1000 replications [17] .
The 16S rRNA gene sequence of strain THG-T121
T was a continuous stretch of 1415 bp. According to gene sequence analysis in the EzBioCloud, BLAST T and other recognized species were lower than 97.0 %. The phylogenetic tree from the neighbour-joining method is shown in Fig. 1 . The trees from the maximum-parsimony and maximum-likelihood methods showed almost similar topology and supported that strain THG-T121
T should be classified in the genus Actinotalea.
The Gram staining was tested by using the Gram-staining Kit (Sigma) and the KOH method [18] . Cell morphology of strain THG-T121
T was observed by transmission electron microscope (Model JEM1010; JEOL) at Â11 000 magnification, using cells grown on NA at 28 C for 4 days. Growth capacity was tested at different temperatures (4, 5, 10, 20, 25, 28, 30, 35, 40 , 45 and 50 C) and pH (pH 3, 4, 5, 6, 7, 8, 9 and 10) in 5 ml Nutrient broth (NB, Oxoid) at 30 C for 15 days. For the pH experiments, two different buffers were used (final concentration, 100 mM): acetate buffer was used for pH 3-6 and phosphate buffer was used for pH 7-10. Salt tolerance was determined in modified NB prepared without NaCl and then supplemented with 0-12 % (in increments of 1 %, w/v) NaCl. The motility test was performed by using cells grown on sulfide-indole-motility medium (SIM, Difco) at 28 C for 2 days. Anaerobic growth was tested on NA incubated at 28 C for 14 days by using a BBL anaerobic jar with a GasPak EZ Gas Generating Container (Becton Dickinson). Catalase activity was assessed by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was accessed by using 1 % (w/v) N,N,N¢,N¢-tetramethyl-1, 4-phenylenediamine reagent [19] . Hydrolysis of starch, casein, cellulose, chitin, L-tyrosine, DNA, Tween 20 and Tween 80 were determined according to previously described methods [20, 21] . Growth on Reasoner's 2A agar (R2A, Difco), Tryptone Soya agar (TSA, Oxoid), NA, Luria-Bertani agar (LA, Oxoid), Marine agar (MA, Oxoid) and MacConkey agar (MCA, Oxoid) were also tested. All the above tests, unless specifically indicated, were evaluated after incubation at 28 C for 7 days. Based on results of 16S rRNA gene sequencing and phylogenetic tree analysis, A. ferrariae KCTC 29134 T , A. fermentans KCTC 3251
T and C. carbonis KCTC 19824 T were included as reference strains for biochemical tests under the same laboratory conditions. In addition, tests of carbon-source utilization and enzyme activities were performed with API 20NE, API 32GN and API ZYM kits according to the instructions of the manufacturer (bioM erieux).
Cells of strain THG-T121
T were Gram-stain-positive, aerobic, non-motile and short-rod-shaped (0.6-0.8Â1.0-1.2 µm) (Fig. S1 , available in the online version of this artice). Colonies of strain THG-T121
T grown on NA for 2 days at 28 C were circular with entire edges, convex, yellow and 1-2 mm in diameter. Strain THG-T121
T grew well on NA and MA, weakly on R2A, TSA and LA, but not on MCA. Strain THG-T121
T grew on NA at 10-40 C (optimum [28] [29] [30] C), at pH 6-8 (optimum 7) and in the presence of 0-4 % NaCl (optimum 1 %). Catalase and oxidase tests were positive. Nitrate reduction and indole production tests were negative. Strain THG-T121
T was able to hydrolyse cellulose and starch but unable to hydrolyse DNA, Tween 20, L-tyrosine, casein, tween 80 and chitin. Physiological and biochemical characteristics of strain THG-T121
T are summarized in the species description and a comparison of selective characteristics with related reference strains is presented in Table 1 .
Genomic DNA was extracted, purified by using a Biofact genomic DNA extraction kit and then degraded into nucleosides. The DNA G+C content was determined using a reverse-phase high-performance liquid chromatography (HPLC) system (Alliance 2690 system, Waters) following the method described previously [22] . Escherichia coli DH5a was used as a reference strain. The DNA-DNA hybridization between strain THG-T121
T and closely related reference strains was performed fluorometrically, according to the method developed by Ezaki et al. [23] with modifications [24] , using photobiotin-labelled DNA probes and micro-dilution wells. The optimum hybridization temperature for THG-T121
T was 48 C, which was determined by the following calculation: [(0.51ÂDNA G+C content) +47]À36. Hybridization was performed with five replications for each sample. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values were converted to percentage DNA-DNA relatedness values.
The DNA G+C content of strain THG-T121 T was 72.4 mol%, which lies in the expected range of DNA G+C contents of members of the genus Actinotalea. [25] , clearly suggesting that strain THG-T121 T represents a novel species of the genus Actinotalea.
Biomass for chemotaxonomy was scraped from NA plates for 4 days at 28 C. The polar lipids of strain THG-T121
T were extracted and examined by two-dimensional thin layer chromatography (TLC) [26, 27] . The cellular fatty acids were extracted from cells at the logarithmic phase of growth and identified by using the Microbial Identification System (Sherlock version 6.1; MIDI database: TSBA6) according to standard procedures [28] . The isoprenoid quinones of strain 
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THG-T121
T were extracted and purified from freeze-dried cell [26, 29] and then analysed by HPLC [30, 31] . Wholecell sugars were extracted from cells and TLC analyses were performed on cellulose plates to determined whole-cell sugar profiles [32] . The amino acids of peptidoglycan in cell-wall hydrolysates were extracted and purified as described previously [33] . Then samples were analysed by using pre-column derivatization with o-phthalaldehyde by using HPLC as described by Chen et al. [34] . A. fermentans KCTC 3251
T was used as the control strain for L-Orn-DSer-L-Asp [1] .
The polar lipids of strain THG-T121
T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, two phosphatidylinositol mannosides, one unidentified phospholipid, three unidentified glycolipids and one unidentified lipid (Fig. S2) . The major fatty acids (>5 % of total) of strain THG-T121
T were anteiso-C 15 : 0 (34.2 %), anteiso-C 15 : 1 A (19.4 %), C 16 : 0 (15.6 %), iso-C 16 : 0 (8.6 %), anteiso-C 17 : 0 (6.9 %) and iso-C 17 : 0 (5.6 %) (Table S1 ), as characteristic of members of the genus Actinotalea. The isoprenoid quinone was MK-10(H 4 ) in strain THG-T121 T , as the sole respiratory quinone, which is in accordance with the genus Actinotalea. TLC analysis showed that strain THG-T121 T contained rhamnose, ribose, mannose and glucose as whole-cell sugars. The cell-wall peptidoglycan of strain THG-T121
T contained the amino acids ornithine, alanine, aspartic acid, serine and glutamic acid at an approximate molar ratio of 1.3 : 1.7 : 1.0 : 1.6 : 1.2, respectively. Dinitrophenylation revealed that L-aspartic acid represented the N-terminus of the interpeptide bridge. Meanwhile, the occurrence of the peptides D-Ser-L-Asp and L-Orn-D-Ser in the partial hydrolysate of the peptidoglycan was observed. Taking these data into consideration, it was concluded that the peptidoglycan of strain THG-T121
T is A4b, containing L-Orn-D-Ser-L-Asp, which corresponded to the type of cell-wall peptidoglycan within the genus Actinotalea [1] .
In summary, the characteristics of strain THG-T121 T were consistent with descriptions of the genus Actinotalea with regards to morphological, biochemical and chemotaxonomic properties. The results of this polyphasic approach between strain THG-T121
T and its closest phylogenetic neighbours indicated that strain THG-T121
T should be assigned to the genus Actinotalea as a novel species, for which the name Actinotalea solisilvae sp. nov. is proposed. [2] ; c, Data from Shi et al. [7] . †Orn, ornithine; Ser, serine; Asp, aspartate; Glu, glutamic acid. ‡DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; PI, phosphatidylinositol; PIM, phosphatidylinositol mannoside; PL, unidentified phospholipid; GL, unidentified glycolipid; L, unidentified lipid. §Fuc, fucose; Gal, galactose; Glc, glucose; Ino, inositol; Man, mannose; Rha, rhamnose; Rib, ribose; Xyl, xylose.
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